Developing a Safety and Health Training Model for Petrochemical Workers  by Hong, Yu-Jue et al.
Kaohsiung J Med Sci February 2004 • Vol 20 • No 2
Y.J. Hong, Y.H. Lin, H.H. Pai, et al
56
DEVELOPING A SAFETY AND HEALTH TRAINING MODEL
FOR PETROCHEMICAL WORKERS
Yu-Jue Hong, Ya-Hsuan Lin, Hsiu-Hua Pai,1 Yung-Chang Lai,2 and I-Nong Lee3
Institute of Public Health, 1Department of Public Health, 2Institute of Occupational
Safety and Health, and 3Faculty of Medical Information Management,
Kaohsiung Medical University, Kaohsiung, Taiwan.
The production processes of the petrochemical industry expose workers to high potential hazards. Our
previous study showed that hazard recognition was closely related to worker safety and health training
activities. The purpose of this study was to establish and validate a safety and health training model. It
is expected that the training model will help workers to recognize hazards, thereby lowering their operating
risks. The training model, which included a complete training course and follow-up scoring using a
questionnaire, was applied to three groups of subjects for comparison. Group A had joined our study
previously and took the training course again at this time. Group B had also joined our previous study
but did not take this training course. Group C was new to our study and took this training course for
the first time. Groups A and C (who took the training course) had higher cognition and attitude scores
than group B (who did not take the training course). The training course was a significant factor that
positively influenced both cognition and attitude scores among managers and workers. The training course
was more significant for managers while the duration of education was more significant for workers.
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The petrochemical industry has developed over the last 30
years in Taiwan and has driven economic growth drama-
tically. However, accidents from petrochemical industries
have contributed a huge amount of pollution to the envi-
ronment [1–3], and this has become a critical issue when
balancing development of the petrochemical industry and
environmental protection [4]. According to an official report
from Taiwan, 40% of severe occupational accidents are
caused by risky behaviors, 25% by unsafe installations, and
29% by a combination of both [5]. These accidents have
caused diseases, injuries, disabilities, deaths, and damage
to equipment and property. Research from a large petro-
chemical company in China showed that the main causes of
injury were a lack of safety training (63%) and equipment
failure (23%) [6]. Therefore, safety-related behavior may be
the key element in accident prevention and must be given
close attention.
Petrochemical industry accidents are significantly as-
sociated with insufficient knowledge and unsafe behaviors
of both employers and employees [7,8]. Generally, employers
are not very knowledgeable about occupational health and
safety (OHS), and comply with few OHS practices [9,10].
Employees tend to have poor attitudes toward safety and
health cognition [11,12], and do not have enough training to
manage their risks in the workplace [13]. From a nationwide
investigation, 70% of worksite managers showed poor health
management experience [14]. In addition, employees have
low OHS knowledge and perception [15–18]. In our previous
study, questionnaires from 240 workers and 35 managers at
29 randomly sampled factories showed that hazard recog-
nition was dependent on job-related safety training [19].
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It is expected that better recognition of hazards can reduce
risks to workers. Course depth and suitable teaching
methods can affect training efficiency; information regarding
these were obtained from our previous study [19]. Different
work positions require different safety and health training
courses and methods to obtain efficient training results [20].
Since safety and health education is an efficient way to
prevent occupational accidents, we applied the information
from our previous study to establish safety and health
educational activities for different levels of workers in the
petrochemical industry. The purpose of this study was to
establish and validate a safety and health training model.
MATERIALS AND METHODS
Subjects
Of the 275 subjects in the previous study, 42 (28 workers and
14 managers) returned for this study. Three groups of sub-
jects participated: group A consisted of eight managers and
14 workers from the previous study who took the training
course again at this time; group B consisted of six managers
and 14 workers from the previous study who did not take
this training course; group C included 29 new workers who
only took this training course. In total, 51 people (groups A
and C) participated in this training program, and a total of
71 people (groups A, B and C) took a scoring questionnaire.
Training model
The training model included a complete training course
and a subsequent scoring process using questionnaires.
Original behavior is analyzed using a simple stimulus–
response model. Recent studies have proposed some inter-
mediate stages between stimulus and response, e.g. belief,
cognition, and attitude [21,22]. These intermediate stages
were adopted in the design of our new model (Figure). It
was expected that the safety and health training course
would increase both behavior and normative belief, thus
enhancing cognition and modifying people’s attitudes
toward safety and health issues. When people practice safe
behavior in the workplace, lower risks can be expected.
Training course
The safety and health education training course included
some basic lessons, e.g. occupational diseases in the pe-
trochemical industry, sharing petrochemical working
experiences, and petrochemical industry control measures
and laws. Subjects from the previous study also took addi-
tional courses, such as an emergency response program and
courses on process safety management and material safety
data sheets. The overall duration of the education and
training course was 10 hours for managers and 6 hours for
workers.
Questionnaires
Two months after the training course, the same structural
questionnaires used in the previous study [19] were applied
to individual trainees in the three study groups. The
questionnaire was divided into four parts: the trainee’s
personal information, individual recognition of safety and
health, attitude, and current status of safety and health
management, including past training activity (experience
of safety- and health-related training). In total, 71
questionnaires (14 managers and 57 workers) were used for
analysis.
Two types of questionnaires were used, one for managers
(questionnaire A), and one for workers (questionnaire B).
Questionnaire A included 32 cognition questions and 18
attitude questions; questionnaire B included 22 cognition
questions and 18 attitude questions. A correct answer to
cognition questions received one point. For attitude
questions, five grades were applied (e.g. highly agree,
agree, no comment, disagree, and highly disagree received
2, 1, 0, –1, and –2 points, respectively).
Data analysis
Data on recognition were analyzed using the Wilcoxon
signed rank test, the Mann-Whitney U test, the Kruskal-
Wallis H test, Spearman correlation, and stepwise multiple
regression analysis. The Wilcoxon signed rank test was
used to determine cognition and attitude scores in the three
groups both before (first scores: previous study) and after
training (second scores: this study). The Mann-Whitney U
test was used to determine the difference between managers
in groups A and B. The Kruskal-Wallis H test was used to
compare cognition and attitude scores of workers in the
Figure. Safety and health training model.
Behavior belief Behavior attitude
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three groups. In addition, we used Spearman correlation
and stepwise multiple regression analysis to explore the
important factors in cognition and attitude. Variables such
as age, education duration, working experience, past training
activities (yes or no, experience on work-related training
activities), and training course taken (yes or no) were used
in the regression models of cognition and attitude scores.
In a multiple regression model, the tolerance value is
within 0 to 1 and is usually used for collinear diagnosis.
When a variable’s tolerance value is close to “0”, it is
referred to as collinear.
RESULTS AND DISCUSSION
Description of study subjects
Table 1 shows the demographic characteristics of our study
subjects. Most subjects were male and married, so gender
and marital status were excluded from further analysis.
Managers were typically older and had more education and
longer working experience than workers. Although training
activities are required by safety and health regulations,
about 30% of managers and 20% of workers had not par-
ticipated in any training activities.
Table 1. Demographic characteristics
Managers (n, %) Workers (n, %)
Group A Group B Group A Group B Group C
n = 8 n = 6 n = 14 n = 14 n = 29
Gender
Male 7 (87.5) 5 (83.3) 13 (92.5) 12 (85.7) 22 (75.9)
Female 1 (12.5) 1 (16.7) 1 (7.1) 2 (14.3) 7 (24.1)
Age (yr)
< 25 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.4)
25–30 0 (0.0) 0 (0.0) 0 (0.0) 3 (21.4) 5 (17.3)
31–40 3 (37.5) 2 (33.3) 8 (57.1) 7 (50.0) 13 (44.8)
41–50 5 (62.5) 4 (66.7) 6 (42.9) 4 (28.6) 8 (27.6)
> 50 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (6.9)
Average 41.25 ±  5.18 41.67 ±  5.16 39.29 ±  5.14 36.25 ±  6.49 37.33 ±  7.99
Education duration (yr)
≤ 9 0 (0.0) 0 (0.0) 1 (7.1) 0 (0.0) 2 (6.9)
10–12 2 (25.0) 2 (33.3) 7 (50.0) 6 (42.9) 14 (48.3)
13–14 5 (62.5) 3 (50.0) 6 (42.9) 6 (42.9) 9 (31.0)
15–16 1 (12.5) 1 (16.7) 0 (0.0) 1 (7.1) 3 (10.3)
≥ 17 0 (0.0) 0 (0.0) 0 (0.0) 1 (7.1) 1 (3.4)
Average 13.75 ±  3.00 13.67 ±  1.51 12.64 ±  1.45 13.57 ±  1.79 12.45 ±  2.78
Marital status
Married 8 (100.0) 6 (100.0) 12 (85.7) 11 (92.5) 21 (72.4)
Widowed 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (24.1)
Single 0 (0.0) 0 (0.0) 2 (14.3) 3 (21.4) 7 (3.4)
Past training activities
Yes 6 (75.0) 4 (66.7) 12 (85.7) 11 (78.6) 25 (86.2)
No 2 (25.0) 2 (33.3) 2 (14.3) 3 (21.4) 4 (13.8)
Work experience (yr)
< 1 0 (0.0) 0 (0.0) 1 (7.4) 0 (0.0) 2 (6.9)
1–5 1 (12.5) 0 (0.0) 1 (7.1) 2 (14.3) 5 (17.2)
6–10 1 (12.5) 1 (16.7) 10 (78.7) 6 (42.9) 11 (37.9)
11–15 2 (25.0) 3 (50.0) 2 (14.3) 6 (42.9) 11 (37.9)
> 15 4 (50.0) 2 (33.3) 0 (0.0) 0 (0.0) 0 (0.0)
Average 13.31 ±  5.71 13.83 ±  3.76 7.82 ±  3.15 9.36 ±  3.77 8.28 ±  4.33
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Effectiveness of the training course
When comparing the first and second scores in groups A
and B (of managers and workers for cognition and attitude),
people who had taken a training course previously received
significantly higher scores (Group A, Wilcoxon = 2.536,
3.023, 2.003, 3.005), but those who had not showed an
improvement in scores (Wilcoxon = 1.518, 1.303, 1.633,
0.414) (Table 2). Group A had higher second scores than
group B (for both managers’ and workers’ cognition and
attitude scores). These results indicate that the training
course could be an effective method to improve cognition
and attitude scores for both managers and workers.
Validation of the training model
As shown in the Figure, we added cognition and attitude
into the training model. By applying this model to managers,
a higher correlation between cognition and attitude was
observed (Table 3, R = 0.850). However, this model was not
as clearly appropriate for workers (R = 0.459). This may
indicate that other factors should be considered to further
modify the training model for workers’ cognition and
attitude.
Factors of managers’ cognition and attitude scores
Table 3 shows that the training course and past training
activities were important factors in managers’ cognition
and attitude scores. Both these factors have a similar effect
on cognition (training course R = 0.810 vs past training
activities R = 0.720). However, the training course is much
more important than past training activities for attitude
(R = 0.831 vs R = 0.560). Regression analysis showed a
similar result: the training course had an effect on both
cognition and attitude but past training activities only
influenced cognition (Table 4). These results show that the
Table 2. Cognition and attitude scores (mean ± SD)
Managers Workers
Group A‡ Group B Group A‡ Group B Group C‡
n = 8 n = 6 n = 14 n = 14 n = 29
Cognition
First score 18.25 ±  2.43 18.00 ±  1.79 – 13.71 ±  2.92 13.64 ±  1.50 – –
Second score 22.75 ±  2.47 18.83 ±  1.94 6.408ll 16.07 ±  2.20 14.07 ±  1.63 15.21 ±  2.14 8.006ll
Wilcoxon§ 2.536ll 1.518 – 3.023ll 1.303 – –
Attitude
First score 20.13 ±  2.36 18.83 ±  1.17 – 17.36 ±  3.79 16.86 ±  3.01 – –
Second score 22.75 ±  1.49 18.50 ±  1.09 8.974ll 19.71 ±  2.89 17.29 ±  2.40 19.48 ±  3.55 6.596ll
Wilcoxon§ 2.003ll 1.633 – 3.005ll 0.414 – –
*Used to test the managers’ difference between groups A and B; †used to compare the cognition and attitude scores of workers in the three
groups; ‡taking the training course this year; §signed rank test used to test the cognition and attitude scores of the three groups before and
after training; llp < 0.05.
Table 3. Spearman correlation analysis of model relative factors for managers
Workers
Cognition Attitude Age Education Working Training Past training
duration experience course activities
Managers
Cognition 0.459* 0.164 0.407* 0.147 0.338* 0.099
Attitude 0.850* –0.275 0.569* 0.023 0.342* 0.341*
Age 0.037 –0.093 –0.359* 0.539* 0.109 –0.126
Education duration 0.463 0.380 –0.304 –0.045 –0.140 0.239
Working experience 0.109 –0.250 0.669 –0.602 0.058* –0.077
Training course 0.720* 0.831* –0.043 –0.059 –0.118 0.088
Past training activities 0.810* 0.560* –0.043 0.354 0.039 0.417
*p < 0.05
Mann-Whitney
U test*
Kruskal-Wallis
H test†
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designed training course was appropriate and effective for
managers’ cognition and attitude. Thus, managers’ cognition
and attitude could be explained by the training course, past
training activities and education duration (R2 = 0.83 and
0.84), while other factors such as age, gender, and work ex-
perience can be excluded for either small sample or insuffi-
cient effect.
Factors of workers’ cognition and attitude scores
The training course and education duration were important
factors for workers’ cognition and attitude (R = 0.407, 0.569
for education duration and R = 0.338, 0.342 for the training
course) (Table 3). However, education duration seemed
more important than the training course. The training course
and education duration could only explain 37% (R2 = 0.373)
of workers’ cognition and 46% (R2 = 0.461) of their attitude
(Table 5). Compared with managers’ cognition and attitude
models (R2 = 0.84 and 0.83), more factors should be con-
sidered for workers, and the training course may need to be
further modified to fit workers’ education backgrounds.
CONCLUSIONS
In this study, we evaluated the enhancement of industrial em-
ployees’ cognition and attitude towards safety and health
Table 4. Significant factors for managers’ cognition and attitude scores*
β SE Beta p Tolerance
Managers’ cognition scores†
Constant 7.429 3.476 – 0.058§ –
Education duration 0.774 0.259 0.367 0.014§ 0.810
Past training activities 2.469 0.776 0.430 0.010§ 0.672
Training course 3.017 0.723 0.526 0.002§ 0.773
Adjusted R squared (R2) = 0.840
Managers’ attitude scores‡
Constant 9.789 0.540 – 0.002§ –
Education duration 0.711 0.172 0.474 0.002§ 0.996
Training course 3.368 0.476 0.825 0.000§ 0.996
Adjusted R squared (R2) = 0.830
*Stepwise multiple regression analysis; †cognition scores of managers = 7.429 + 0.774 × education duration + 2.469 × past training activity
+ 3.017 × training course; ‡attitude scores of managers = 9.789 + 0.711 × education duration + 3.368 × training course; §p < 0.05. β = regression
coefficient; SE = standard error; Beta = standard regression coefficient; Tolerance = collinear diagnosis.
Table 5. Significant factors for workers’ cognition and attitude scores*
β SE Beta p Tolerance
Workers’ cognition scores†
Constant 1.430 2.262 – 0.588 –
Age 0.105 0.304 0.360 0.004§ 0.795
Education duration 0.632 0.132 0.572 0.000§ 0.785
Training course 1.933 0.492 0.422 0.000§ 0.972
Adjusted R squared (R2) = 0.373
Workers’ attitude scores‡
Constant 2.159 2.553 – 0.846 –
Education duration 1.115 0.182 0.609 0.000§ 0.974
Training course 3.362 0.755 0.443 0.000§ 0.974
Adjusted R squared (R2) = 0.461
*Stepwise multiple regression analysis; †cognition scores of workers = 1.430 + 0.105 × age + 0.632 × education duration + 1.933 × training course;
‡attitude scores of workers = 2.159 + 1.115 × education duration + 3.362 × training course; §p < 0.05. β = regression coefficient; SE = standard
error; Beta = standard regression coefficient; Tolerance = collinear diagnosis.
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after training courses. A training course increased both ma-
nagers’ and workers’ scores (Groups A and C vs Group B);
managers in Group A gained most improvement in both
cognition and attitude scores.
The training course and education duration were
important factors in both managers’ and workers’ cognition
and attitude scores. The training course was more significant
for managers while education duration was more significant
for workers. This training model is more appropriate for
managers. To further modify the training model for workers,
other factors such as age and education duration also need
to be considered.
In conclusion, safety and health education is an efficient
way to prevent occupational accidents. The training model
in this study was effective in increasing hazard cognition. It
is easily implemented and is useful to reduce risks within
the working environment of the petrochemical industry.
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